This chapter presents study on the synthesis of CdTe-TiO
gap of the QDs can be tuned rather easily by varying their size, thereby allowing manipulation of their visible light response. Second, QDs can be used to harness hot electrons, generating multiple charge carriers by excitation with a single high-energy photon [22] .
In light of the absence of any reports of use of TiO 2 or CdTe sensitized TiO 2 as antibiofilm agents, we have focused our attention on this issue in the present work.
We have synthesized CdTe QDs conjugates by aqueous colloidal synthesis method as previously described [23] . Various semiconductor QDs, such as CdS [24] , PbS [25] , CdSe [26] etc. have been investigated as nanocomposite conjugates with TiO 2 for effective visible light absorbance. However, CdTe QDs in conjugation with TiO 2 nanoparticles are exploited for solar cells [27] [28] [29] [30] [31] , photocatalysis [32] and photoelectrochemical studies [33] .
The obtained CdTe QDs are capped with MPA. The mercapto group forms the ionic bond with the Cd 2+ ion on the surface of CdTe QDs, while the carboxylate group remains ionized in water to make the CdTe QDs water soluble. The MPA capped QDs are directly attached to the TiO 2 surface through the carboxylate group. TiO 2 nanoparticles are hydrothermally synthesized and then directly used in CdTe-TiO 2 synthesis process, wherein one obtains the desired CdTe-TiO 2 composite material.
The as-synthesized CdTe-TiO 2 nanocomposite was tested for its antibacterial activity against two categories of bacteria, Gram positive, Bacillus subtilis (B. subtilis) NCIM 2063 and Gram negative, Escherichia coli (E.coli) NCIM. Also, impedance of biofilm of the CdTe sensitized TiO 2 was performed against P. aeruginosa PAO1, which is hitherto unreported.
Materials and Methods
Analytical grade Mercaptopropionic Acid (MPA) (SRL chemicals), Tellurium Powder (Te), Cadmium chloride (CdCl 2 ) (SD Fine chemicals), Sodium borohydride (NaBH 4 ) and Titanium isopropoxide (TIP) (Merck Laboratories) were used as obtained.
Deionised water was acquired from Millipure Milli-Q system with resistivity greater than 18 MΩ cm. All biological studies were performed under ordinary laboratory light (70 to 90 Lux).
Synthesis of TiO 2 Nanoparticles
TiO 2 nanoparticles were synthesized by hydrothermal method. In a typical synthesis, 100 ml of Deionized water (D.I) was taken in a conical flask in which 5 ml of Titaniumisopropoxide (TIP) was added dropwise. The solution was stirred for about 1 hr, and then filtered using filter paper. The white precipitate on the filter paper was taken and transferred to 200 ml Teflon-lined stainless steel autoclave. It was kept in oven at 175 o C temperature for 24 hrs. After the completion of reaction the autoclave was cooled to room temperature and the white precipitate from bottom of the Teflon vessel was taken out and washed out 3-4 times by water, and then by ethanol. The final product was dried in vacuum oven at 60 o C for 5-6 hrs.
Synthesis of CdTe QDs and CdTe-TiO 2 nanocomposite
CdTe nanoparticles capped with Mercaptopropeionic Acid (MPA) were synthesized by organometalllic route [23] . Briefly, the colloidal CdTe QDs were prepared by a reaction between CdCl 2 and NaHTe with MPA as stabiliser. Under vigorous stirring, freshly prepared oxygen-free NaHTe was injected in a solution of CdCl 2 and MPA.
The resulting solution mixture was heated and refluxed under nitrogen flow at 100 o C for 2 hours. All the steps in the above synthesis were carried out under inert conditions. CdTe QDs were then precipitated out from the growth solution after cooling by the addition of 2-proponal. Further purification was performed by centrifugation and reprecipitation from 2-propanol for three times. The colloidal CdTe-TiO 2 nanocomposite was prepared by the same way as stated above. Initially as synthesized TiO 2 nanoparticles were added to the reaction mixture. Then CdTe QDs were synthesized as stated above in this reaction mixture. CdTe-TiO 2 nanocomposite
were then precipitated out from the growth solution after cooling by the addition of 2-proponal and further purified in the same way as stated above.
Results and Discussion
We have chosen the CdTe- [37] . 
X-Ray Diffraction (XRD)
The X-ray diffraction (XRD) patterns for the CdTe, TiO 2 and CdTe-TiO 2 nanocomposite shown in Fig.2 . These patterns reflect a cubic (zinc blende) crystal structure of CdTe, and tetragonal structure of the anatase phase of TiO 2 . The CdTeTiO 2 nanocomposite clearly shows the presence of both CdTe as well as TiO 2 . 
UV-Vis-Diffuse Reflectance Spectra (DRS)
The UV-Vis-Diffuse Reflectance Spectra (DRS) of CdTe, TiO 2 and CdTe-TiO 2 nanocomposite recorded in absorbance mode shown in Fig.3 . The band edge of TiO 2 appears at 393 nm (3.17 eV), while that for CdTe NPs appears at around 550 nm (2.25 eV). In the case of CdTe-TiO 2 nanocomposite, the band edge is observed at about 610 nm (2.03 eV). This is due to higher particle size of the CdTe nanoparticles realized in their synthesis in the presence of TiO 2 nanoparticles (Heterogeneous nucleation). This Due to the specific nature of the band alignment at the TiO 2 /CdTe interface, the photogenerated electrons are transferred to the conduction band of TiO 2 , while the holes remain with the valence band of CdTe QDs. nanocomposite against bacteria as discussed further in the text.
Photoluminescence (PL)
The photoluminescence (PL) spectra of CdTe QDs and the CdTe-TiO 2 nanocomposite shown in Fig.5 Therefore, it can be concluded that most of the excited electrons are successfully injected into the TiO 2 conduction band and are available for surface reactions.
Fourier Transform Infrared Spectroscopy (FTIR)
The Fourier Transform Infrared Spectroscopy (FTIR) spectra of the CdTe, TiO 2 and CdTe-TiO 2 nanocomposite is shown in Fig. 6 . In the case of TiO 2 , one broad band is seen near 3190 cm -1 and another one near 1642 cm -1 which corresponds to surfaceadsorbed water and hydroxyl groups [39] . These peaks are also present in the CdTe and CdTe-TiO 2 nanocomposite. 
Biological Study

Minimum bactericidal concentration (MBC)
In this work we have explored the biological application of the CdTe- Given the photocatalytical usefulness of TiO 2 and its derivatives, it is not surprising to find numerous reports of the antibacterial activity of TiO 2 -based nanocomposite [21] .
To our knowledge, there are no reports of use of CdTe-TiO 2 nanocomposite as antimicrobial agents, our study finds significance as it provide new perspective to the application of CdTe-TiO 2 in the field of nanobiotechnology. 
Determination of growth rate (GR) of B. subtilis and E. coli
intervals. Growth rates (GR) were calculated from the linear portion of the growth kinetics curve obtained by plotting cfu/ml on x-axis and time on y-axis. Error bars represent S.D, (n=3).
During the exponential growth phase, the bacterial culture mimics a first-order nanocomposite, the growth rate was seen to decrease (Fig. 9) [47] . However, the linear decrease in the growth rate of B.
subtilis and E. coli observed in the present study was different then that in S.
cereviciae, because of the fact that cells of inoculums used to be seeded with the nanonanocomposite were in logarithmic phase. In fact, the CdTe QDs were so effective that an inherent mechanism of adaptive response of organism to stress [48] , a general mechanism, was not observed in our case.
Figure10: The fluorescent microscopy image of (upper) B. subtilis and (lower) E.coli for detection of intracellular ROS generation (H 2 DFFDA staining) showed a generation of ROS inside the cells of B. Subtilis.
Despite the differences in the methods of measureing the growth rates of model organisms in presence of nanocomposite, a common feature noted was that when QDs were added to the system, the multiplying metabolism of the microorganism was affected, which resulted in change of rate constant, GR.
ROS generation in B.subtilis and E-coli
The antibacterial activity of CdTe QDs have been shown to occur by the generation of ROS [49] . (Fig. 10 ). As the generated ROS acts on the cell membrane and damages the cell, as is being observed in CdTe QDs, [49] it is likely that the generation of ROS is damaging the cell membrane of model organisms.
Figure 12: SEM images of cells of B. subtilis (left) and E. coli (right
SEM analysis of cells of B. subtilis and E. coli
Thus, in an effort to further prove the ROS dependent damage of the cell membrane, if any, we carried out SEM analysis of the cells of model organisms in the presence of an inhibitory concentration of nanocomposte. If nanoparticles act on cell membrane, it will rupture the cell wall and thus will be seen as irregular/rough shaped structure under SEM. In the presence of CdTe-TiO 2 nanocomposite, while the cells of B.
subtilis were seen with ruptured morphology with cytoplasm content ozzing out, the cells of E. coli were seen with wrinkled appearance, although the cell morphology was entire (Fig. 12) . This was in contrast to case of the corresponding control which showed a typical structural shape with as smooth surface and entire margin as seen in (Fig.12) . Thus, we not only studied antibacterial activity to CdTe sensitized TiO 2 , but also in effect test the generally proposed theory of ROS mediated antibacterial action, with fluorescence-and scanning electron microscopy.
Three different mechanisms were postulated for the entry of nano-particles, nanocomposites, and QDs inside the cells of prokaryotes (a) nonspecific diffusion; (b) nonspecific membrane damage; and (c) specific uptake. In the present study, the entry of QDs inside the cells cannot occur by nonspecific diffusion as the mean estimate of the effective hole radius in walls of E. coli is 2.06 nm (2.12 nm for B. subtilis) 50
which is smaller than a typical 2 to 10 nm QDs. The specific uptake by permease system is too deem to occur as pore size in wall is 6 nm 51 smaller that the average size of nanocomposite (10 to 15 nm). Nonspecific membrane damage could be the mechanism of entry for QDs inside the cells of model organisms as QDs generate ROS in the system, which damages the cell membrane (see following section). In fact, non specific membrane damage has also been observed for the entry of halogenated
QDs inside the cells [52] .
Quantification of Biofilm Formation
The second application that we proposed in the present study is the use of nanocomposites as an antibiofilm agent (anti-QS). The primary cause that triggered the evolution of antimicrobial resistance in microorganisms was the selection pressure owing to overuse and misuse of antibiotics [53] . It has been reported that microorganisms subjected to nanoparticles based antimicrobial therapies have generated resistance, [54] thus, cautious the need to devise a strategy which will not trigger an evolution pressures in target organism against the nanoparticles. In an effort to search for the strategies that will be neither an antimicrobial nor will add a selection pressure on target organisms to develop resistance, virulence/attributes of the organisms, which are growth independent, were explored [55] [56] [57] [58] [59] [60] [61] . In this instance, it has been it has been shown QS mediated process, for example, biofilm formation, is not essential for the growth and survival, but required to gain an advantage to the organisms to establish as an infection or colonize the area; its inhibition were shown to make an organisms susceptible to the antibiotics and does not give an organism an attribute to colonize the surfaces. So, with this aim, the nanocomposites were tested for the possible inhibition of biofilm formation in P.
aeruginosa.
Previous studies using light activated antimicrobial material have shown an inhibition of biofilm [62] . So, with this purpose, we decided to explore the possibility of nanocomposite as an impeder of biofilm in P. aeruginosa. Under the influence of visible light, when the cells of P. aeruginosa were subjected to various concentration of nanocomposite, it was observed that only CdTe-TiO 2 nanocomposite has shown an inhibition in biofilm, however, TiO 2 was very less effective. In dark, inhibition of biofilm was less than 5 %. Quantitative determination of the inhibition of biofilm was carried out by crystal violet retention assay (since crystal violet has a high affinity towards the polysaccharides) in 24 well microtitre polypropylene plates under static condition. When P. aeruginosa were grown in different concentrations of the CdTeTiO 2 nanocomposite, it was found that at 62.5-125 µg/ml there was a decrease in the formation of biofilm by approximately 50 to 60 %, as compared to the control which can be clearly seen in Fig.13 .Therefore, till 125µg/ml the nanocomposite significantly arrested biofilm formation without affecting viability, whereas at concentration above this value, the growth of organism itself was found to be inhibited. A quantitative small decrease in the biofilm formation in the presence of TiO 2 can be explained on similar lines as was mentioned for the antibacterial activity of TiO 2 .
SEM and CSLM analysis of Biofilm Formation
A clear picture of the inhibition of biofilm emerged under SEM which is shown in Nanoparticles of zinc, copper, titanium, and iron-oxide, magnesium fluoride, silver have been reported to inhibit the biofilm formation on various medical devices [64] however, CdTe-TiO 2 out-smarts as a novel material because There have been contrasting reports on the efficacy of TiO 2 based photocatalytical inhibition of biofilm formation. While the available report [66] did not show a TiO 2 based photocatalytic inhibition of the biofilm in P. aeruginosa, our study introduces an application of CdTe-TiO 2 as an impeder of biofilm formation in P. aeruginosa.
This could have been possible, presumably, by overcoming the difficulties associated with the generation and subsequent action of ROS on the cells of P. aeruginosa, as reported. In light of the recent study, [67] wherein an inhibition of biofilm was shown by generation of ROS species, it can be hypothesized that in the present study generation of ROS is also playing a similar role in the inhibition of biofilm formation in P. aeruginosa.
Fundamentally important is the fact that the concentration value at which there is reduction in the formation of biofilm did not inhibit or kill the growth of bacteria by more than 15 to 20 %. This is a very critical factor, as it indicates that the inhibition of the biofilm may not be only due to reduction in the viable number of cells. This can be explained by the fact that biofilm formation in Pseudomonas is partially dependent on the QS, phenomenon, [4, 5, 68, 69] and it can be speculated that nanocomposites in the present study is inhibiting the QS phenomenon (although further validation is required to prove the same). Thus, given the importance of the QS mediated biofilm inhibition by CdTe-TiO 2 in P. aeruginosa, it is not surprising that there are many reports on the use of synthetic/natural compound to control the biofilm formation.
However, these agents are organic in nature, have less stability and may not find sustainable use in medical and environmental application. The synthesis of CdTeTiO 2 nanocomposite is important as it may attenuate pathogenicity of organisms without imposing the level of selective pressure associated with antibacterial treatments. Indeed, there is proof-of-concept from studies that the virulence of the pathogenic organisms can be partially attenuated in vivo by the inhibition of biofilm [70] . The cyto-toxicity of QDs is mainly dependent on their surface molecules, provided of course that the attachment of the capping agent is robust and stays intact in the biofluid [71] . In this regard, it is important to mention that there were no effects of the capping agent, either on antimicrobial activity nor biofilm formation, thus ruling out the possibility the observed effect owing to the material of capping agent (MPA).The fact that pre-treatment of cells with the antioxidant [72] protects the cell from the toxicity of QDs, it can be affirmed that the as-prepared QDs can be tailored to tackle the cyto-toxicity, if any, so that it can act as a promising alternative therapeutics to tackle the menace of biofilm forming organisms.
Summary
CdTe-TiO 2 nanocomposite in aqueous solution has been successfully synthesized using organometallic technique. This nanocomposite is used for biological applications. It is seen that the CdTe-TiO 2 nanocomposite is a promising candidate for the photocatalytic based destruction of bacterial cells. In experiments with B. subtilis and E. coli, the enhancement in antibacterial property by CdTe-TiO 2 is concentration and time dependent. We propose that the enhanced antibacterial property by CdTeTiO 2 is attributable to the light-induced production of greater quantities of reactive oxygen species. Decrease in the formation of biofilm in P. aeruginosa in the presence of CdTe-TiO 2 implies it to be one of the favorable materials for the inhibition of QS phenomenon in other clinically pathogenic bacteria. Since there was no appreciable reduction in the number of viable cells of Pseudomonas in the presence of CdTeTiO 2 , the latter does not add selection pressure for the evolution of antibiotics resistance in pathogens.
